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The E f f e c t of S a l t on t h e

t i o n s is a p r o p e r t y of major i n t e r e s t i n t h e Borehole Plugging Program. T h i s r e p o r t d e s c r i b e s t h e equipment and techniques used t o determine t h e p e r m e a b i l i t i e s of p o s s i b l e borehole plugging m a t e r i a l s and p r e s e n t s r e s u l t s from t e s t s on v a r i o u s c e m e n t i t i o u s s o l i d s and plug-rock combinations.
The c e m e n t i t i o u s s o l i d s were made from mixtures of cement, sand, s a l t , f l y ash, and w a t e r .
Three d i f f e r e n t types of cement and f o u r d i f f e r e n t f l y a s h e s were used. P e r m e a b i l i t i e s ranged from a h i g h v a l u e of 3 x d a r c y f o r a n e a t cement p a s t e t o a low of 5 x darcy f o r a s a l t c r e t e c o n t a i n i n g 30 w t % sodium c h l o r i d e .
Miniature boreholes were made i n t h e following f o u r d i f f e r e n t t y p e s of tock: Westerly g r a n i t e , Dresser b a s a l t , Sioux q u a r t z i t e , and. S t . Cloud g r a n o d i o r i t e . These s m a l l h o l e s were plugged w i t h a mix c o n s i s t i n g of 23 w t % Type I P o r t l a n d , c e m e n t , 20 w t % bituminous f l y a s h , 43.2 w t % sand, and 13.8 w t % w a t e r . Afcer c u r i n g f o r 91 days a t ambient temperature, t h e p e r m e a b i l i t y of 1. INTRODUCTION Boreholes i n t h e v i c i n i t y of a s i t e s e l e c t e d a s a g e o l o g i c a l r e p o s it o r y f o r r a d i o a c t i v e wastes must be plugged t o e n s u r e t h e i n t e g r i t y of t h e g e n e r a l a r e a . These p l u g s must form leak-proof bonds w i t h t h e h o s t w a l l and have l i f e t i m e s comparable w i t h t h e surrounding formation. An e v a l u a t i o n of t h e m a t e r i a l s and t e c h n i q u e s t h a t could b e used i n d i c a t e d t h a t one of t h e more promising s o l u t i o n s lnvolved t h e u s e of c e m e n t i t i o u s m a t e r i a l s .
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The Cement Technology f o r Borehole Plugging Program w a s e s t a b l i s h e d a t t h e Oak Ridge National Laboratory t o asslst t h e Offi'ce'of Waste I s o l a t i o n and later t h e O f f i c e of Nuclear Waste I s o l a t i o n i n d e v i s i n g and t e s t i n g c e m e n t i t i o u s m i x t u r e s s u i t a b l e f o r plugging d r i l l h o l e s t h a t range i n s i z e from s m a l l e x p l o r a t o r y h o l e s t o mine s h a f t s . The i n i t i a l emphasis of t h i s program h a s been on t h e development of. s u i t a b l e and r e l i a b l e methods f o r measuring t h e phys5cal and chemfcal p r o p e r t i e s of plug-solid c a n d i d a t e s . This r e p o r t c o v e r s t h e measurement of t h e p e r m e a b i l i t y of s o l i d s prepared from m i x t u r e s of cement, sand, f l y a s h , and/or s a l t . I n a d d i t i o n , r e s u l t s from t h e i n i t i a l t e s t s made on v a r i o u s plug-wall rock j u n c t i o n s a r e p r e s e n t e d .
To provide t h e s e n s i t i v i t y r e q u i r e d f o r t h e p e r m e a b i l i t y mcncuruiilcntu r e l a t i n x t o borehole plugging, ter.hniqnes had t o be developed t h a t would b e r e l i a b l e f o r v a l u e s on t h e o r d e r of 1 microdarcy. The u s e of geol o g i c a l f o r m a t i o n s f o r g a s s t o r a g e extended t h e range of p e r m e a b i l i t y measurements t o t h e s e lower v a l u e s . 2 y However, most techniques used today a r e apropos i n t h e m i l l i d a r c y range. For example, t h e American
Petroleum I n s t i t u t e h a s s p e c i f i e d a s t a n d a r d system f o r measuring t h e p e r m e a b i l i t i e s of m a t e r i a l s t o wafer o r g a s . 4 The m a j o r i t y o f formation
p e r m e a b i l i t i e s of i n t e r e s t a r e i n t h e 0.1-o r 0.01-millidarcy range, and t h i s h a s been t h e l i m i t o f a l l o i l -w e l l -r e l a t e d p e r m e a b i l i t y measurements.
Workers developing c o n c r e t e mixes t o b e used i n s u r f a c e s t r u c t u r e s s u c h as dams., roadways, and n a v i g a t i .~n 1~c k s . g e n e r a l l y u s e t h e procedure 
THEORY
P e r m e a b i l i t y i s a measure of t h e e a s e w i t h which a f l u i d may b e made t o flow through a m a t e r i a l by a n a p p l l e d p r e s s u r e g r a d i e n t . I n p r i n c i p l e , The u n i t most widely employed f o r p e r m e a b i l i t y i s t h e darcy. This u n i t 3 is d e f i n e d a s t h e p e r m e a b i l i t y t h a t r e s u l t s i n a flow r a t e of 1 cm p e r second of f l u i d w i t h a v i s c o s i t y of 1 cP through a cube having s i d e s 1 cm i n l e n g t h a t a p r e s s u r e d i f f e r e n t i a l of 1 atm.
Thus,
Determination of t h e li'qui'd p e r m e a b i l i t y is complicated by t h e f a c t t h a t t h e l i q u i d being used can a l t e r t h e i n t e r n a l s t r u c t u r e of t h e s o l i d under examination. The p e r m e a b i l i t y can be e i t h e r i n c r e a s e d o r decreased by c o r r o s i o n , s w e l l i n g , o r t h e l e a c h t n g of m a t e r i a l s from t h e s o l i d s . To e l i m i n a t e 'such problems, many workers have used an i n e r t g a s such as. where and I n t h i s c a s e , t h e a p p a r e n t p e r m e a b i l i t y (K 1 i~ determincd a t g> -a t h e flow r a t e of t h e g a s a t t h e mean p r e s s u r e . This p r e s s u r e occurs w i t h i n t h e sample a s t h e gas (which i s compressed on t h e h i g h s i d e of t h e sample) expands,' and flows through t h e sample. With:.this procedure,
i d e a l g a s behavior i s assumed, and t h e volume of t h e gas t h a t h a s passed through t h e sample i s c o r r e c t e d t o t h e volume i t would have occupied a t t h e mean p r e s s u r e .
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I n workeng w*.th gas:, 2.t i's e r r o n e o u s t o . assume t h a t a s long a s Darcy 's l a w i s obeyed (i-.e., as. long a s t h e flow r a t e is p r o p o r t i o n a l t o t h e press u r e g r a d i e n t ) , t h e p e r m e a b i l e t y f s a p r o p e r t y of t h e medtum and is independent of t h e f l u i d used i n i t s d e t e r m i n a t i o n , a,s wnllld he the case w i t h
most n o n c o r r o s i v e l i q u i d s . Klinkenberg showed t h a t t h e apparent permeab i l i t y of a s o l i d t o a g a s is a f u n c t i o n of t h e mean f r e e p a t h of t h e g a s molecules; t h u s , t h e p e r m e a b i l i t y depends on f a c t o r s t h a t i n f l u e n c e t h e
mean f r e e p a t h such a s p r e s s u r e , temperature, and t h e n a t u r e of t h e g a s .
I n a d d i t i o n , he demonstrated t h a t v a l u e s o b t a i n e d i n g a s measurements may b e used t o determine t h e p e r m e a b i l i t y of a m a t e r i a l t o a l i q u i d . To apply t h i s Klinkenberg c o r r e c t i o n , apparent g a s p e r m e a b i l i t y measurements are
made as a f u n c t i o n of p r e s s u r e . The l o g of t h e apparent permeshj,li.ty (Y ) a i s p l o t t e d a s a f u n c t i o n of t h e r e c i p r o c a l of t h e p r e s s u r e d i f f e r e n t i a l , and t h e l i n e a r r e l a t i o n 3s t h e n e x t r a p o l a t e d t o i n f i n i t e p r e s s u r e . A t t h i s i n t e r c e p t , Klinkenberg found t h a t K = K,.which is t h e p e r m e a b i l i t y used i n a l l measurements. I n s t u d i e s of t h e p e r m e a b i l i t y of plug-wall rock j u n c t i o n s , 1.59-cm-diam h o l e s were d r i l l e d i n t h e same-size rock specimens. These specimens were t h e n f i l l e d w2th t h e c o n c r e t e m i x under i n v e s t i g a t i o n . The cementitious m a t e r i a l s were mixed according t o ASTM-10 C-305-70 and cured autogenously f o r 9 1 days a t room temperature. Specimens used i n gas-permeability s c r e e n i n g t e s t s were t h e n d r i e d t o c o n s t a n t weight a t a temperature of 100°C and a p r e s s u r e of 50 microns. The most c r i t i c a l s t e p f o r t h e s e specimens was t h e d r y i n g procedure. P r e l i m i n a r y r e s u l t s showed t h a t t h e gas p e r m e a b i l i t y of a c e m e n t i t i o u s s o l i d could v a r y by a s much a s t h r e e o r d e r s of magnitude, depending on t h e d r y i n g technique used w i t h t h e specimen. The p e r m e a b i l i t y v a l u e s f o r specimens c o n t a i n i n g 57.0 wr % Matquette Type 1 P o r t l a n d cement, 1U.U w t % Kingston . .--. .
EQUIPMENT The gas p e r m e a b i l i t y a p p a r a t u s used i n t h e c u r r e n t work a t t h e Oak
-S E A L I N G PRESSURE L l O U l D OUT L E T
F i g . 2. Schematic of t h e t e s t a p p a r a t u s used f o r measuring l i q u i d p e r m e a b i l i t y .
f l y a s h , and 33.0 w t % w a t e r and cured 28 days i n s a t u r a t e d limewater 
I n t h e c o u r s e of t h e d r y i n g s t u d i e s , . i t was observed t h a t microf r a c t u r e s which were n o t apparent v i s u a l l y were e a s i l y d e t e c t e d during t h e g a s p e r m e a b i l i t y measurements. I n applying t h e Klinkenberg c o r r e c t i o n t o g a s p e r m e a b i l i t y d a t a , specimens having m i c r o f r a c t u r e s showed an in-
c r e a s e , r a t h e r t h a n a d e c r e a s e , i n p e r m e a b i l i t y a t h i g h e r p r e s s u r e s ( F i g . 4 ) . Since such an e f f e c t would n o t be observed i n a l i q u i d measurement, t h i s technique may be used t o e n s u r e t h a t a specimen i s crack-free p r i o r t o making a l i q u i d d e t e r m i n a t i o n r a t h e r t h a n t h e r o u t i n e microscopic examination.
F l o w Rate
Before an a c c e p t a b l e s t e a d y -s t a t e flow r a t e i s o b t a i n e d , m o i s t u r e must be e x p e l l e d from t h e sample and t h e sample must be completely s a t ur a t e d w i t h t h e working f l u i d . I n t h e s e measurements, t h e flow was assumed 
o n s t a n t weight. --
. 3 Measurement of P e r m e a b i l i t y A f t e r t h e sample was d r i e d and i n s e r t e d i n t h e sample h o l d e r , a n a p p r o p r i a t e p r e s s u r e g r a d i e n t was a p p l i e d a c r o s s t h e sample, and t h e s t e a d y f l o w r a t e was d e t e r m i n e d . Data were o b t a i n e d a t s e v e r a l p r e s s u r e s and used t o d e t e r m i n e t h e f l u i d p e r m e a b i l i t y by a p p l y i n g t h e Klinkenberg
c o r r e c t i o n .
EXPERIMENTAL RESULTS AND DISCUSSION P e r m e a b i l i t y measurements were made on c e m e n t i t i o u s s o l i d s p r e p a r e d w i t h ASTM Type I P o r r l a n d cement and API Class C and API Class H cement w i t h and w i t h o u t s a n d , s a l t , . a n d / o r f l y a s h . Each t y p e o f s o l i d w i l l b e d e s c r i b e d i n d e t a i l i n t h e f o l l o w i n g s e c t i o n s .
. 1 S t a n d a r d Neat Cement P a s t e s and M o r t a r s Neat cement p a s t e s and m o r t a r s were made w i t h Type I and Class C
and Class H cements. Type I cement i s o r d i n a r y P o r t l a n d cement. Class
C is an o i l -w e l l cement t h a t h a s a h i g h e a r l y s t r e n g t h and c o r r e s p o n d s t o a Type I11 P o r t l a n d cement. Class H calient i s a c o a r s e l y ground o i lw e l l cement t h a t i s u s u a l l y used w i t h a n e x p a n s i v e a g e n t . T h e r e was v e r y l i t t l e d i f f e r e n c e observed i n t h e p e r m e a b i l i t i e s of 91-day-cured p a s t e s made from t h e s e cements. The s o l i d s c o n t a i n e d 62.5 wt % cement and 3 7 . 5 wt % w a t e r . N i t r o g e n was used t o d e t e r m i n e t h e p e r m e a b i l i t i e s t h a t a r e p r e s e n t e d i n T a b l e 1.
T a b l e 1. P e r m e a b i l i t y of hardened n e a t cement pastesU
Cement t y p e P e r m e a b i l i t y ( d a r c y )
--a Samples c o n t a i n e d 62.5 wt % cement and 37.5 wt % w a t e r .
Specimens were cured a t ambient' t e m p e r a t u r e f o r 91 d a y s p r i o r t o t h e measurement. I n t h e case of m o r t a r s t h a t were made from t h e t h r e e types of cements, t h e p e r m e a b i l i t y i n c r e a s e d i n t h e o r d e r Type I < Class C < C l a s s H.
The mortar prepared from C l a s s H was 40 times more permeable t h a n t h e specimen made from Type I P o r t l a n d cement.
This i s j u s t t h e o p p o s i t e from v a l u e s o b t a i n e d w i t h t h e n e a t cement p a s t e s .
Since t h e C l a s s H i s a more c o a r s e l y ground m a t e r i a l , i t was expected t o have a h i g h e r p e r m e a b i l i t y t h a n t h e s o l i d made from t h e Type I o r Class C.
A d d i t i o n a l measurements a r e needed t o determine why t h e lower p e r m e a b i l i t y w a s found i n t h e n e a t cement p a s t e . The v e r y low v a l u e o b t a i n e d w i t h t h e
Type I specimen could b e due i n p a r t t o a d i f f e r e n t drying technique.
T h i s s p e c i m~n was measured b e f o r e vacuum d r y i r~g was put i n t o r o u t i n e
o p e r a t i o n . Drying t o a c o n s t a n t weight a t atmospheric p r e s s u r e could r e s u l t i n more w a t e r remaining i n t h e specimen and, t h u s , a lower per-
e a b i l i t y . The p e r m e a b i l i t y of t h e t h r e e t y p e s of mortar i s presented
in Table 2 .
a Table 2 . Nitrogen p e r m e a b i l i t y of mortar specimens
Cement t y p e P e r m e a b i l i t y (darcy )
a Samples contained 23.0 w t % cement, 63.2 w t % sand, and 13.8 w t % water. The mortar prepared from Type I cement was d r i e d t o a c o n s t a n t weight i n an atmospheric oven, whereas t h e o t h e r two were d r i e d under 50-micron p r e s s u r e .
The E f f e c t of F l y A d 1 on t h e P e r m e a b i l i t y of Mortars
~1 y
ash I s a p u z~u l a n i c m a t e r i a l used t n rea.r.
t w i t h t h e l i m e t h a t i s r e l e a s e d d u r i n g ehe h y d r i l~i o i~ of Porcfond ctllireilt. brlch pozzolanic m a t e r i a l s o f t e n have l i t t l e o r no c e m e n t i t i o u s v a l u e b u t w i l l , i n f i n e l y d i v i d e d form and i n t h e presence of m o i s t u r e , chemically r e a c t w i t h calcium hydroxide t o form a cementitin1ls s o l i d . I n t h i s i n v e s t i g a t i o n , two c l a s s e s of f l y a s h were i n v e s t i g a t e d : (1) ASTM C l a s s F, which i s
produced from bituminous c o a l , and (2) ASTM C l a s s C , which i s produced from l i g n i t e o r subbituminous c o a l . The l a t t e r c l a s s u s u a l l y h a s some c e m e n t i t i o u s properties13 because of t h e presence of lime i n t h e f l y a s h . A l o c a l l y generated Class F f l y a s h (P-15) was used i n i n i t i a l e x p e r i -
The a n a l y s e s of t h e f l y a s h samples used i n t h e s e s t u d i e s a r e l i s t e d i n
ments designed t o optimize the amount of f l y a s h t h a t would be l a t e r used i n more d e t a i l e d s t u d i e s i n v o l v i n g t h e e f f e c t of such pozzolans nn t h e p e r m e a b i l i t i e s of m o r t a r s c o n t a i n i n g f l y ash. The t h r e e c l a s s e s of cement were used t o make s t a n d a r d m o r t a r s i n which 1 0 , 20, and 30 w t % of t h e sand w a s r e p l a c e d w i t h f l y ash. The p e r m e a b i l i t i e s of t h e s o l i d s t o n i t r o g e n
were determined a f t e r c u r i n g f o r 9 1 days. The mix composition of 20 w t % f l y ash, 43.2 w t Z sand, 23.0 w t % ccment, and 13.8 wL % warer was s e l e c t e d f o r u s e i n f u t u r e s t u d i e s . The p e r m e a b i l i t i e s were 1 1 0 d a r c y s , and t h e mixing p r o p e r t i e s were amenable t o t h e p r e p a r a t i o n of specimens (Table 4 ) . Table 4 . The e f f e c t of f l y a s h content on t h e p e r m e a b i l i t y of m o r t a r s
Cement
.: Table 5 ) . These m o r t a r s were made w i t h 20 w t % f l y ash t h a t c o n t a i n e d from 1 . 3 t o 40.3 w t , % calcium hydroxide.
cement used t o p r e p a r e t h e m o r t a r . A s t h e l i m e c o n t e n t i n c r e a s e d , r h e p e r m e a b i l i t y i n c r e a s e d s l i g h t l y (
-4
The maximum p e r m e a b i l i t y observed was 1 . (wt %) (darcy) (darcy )
(dnrcy)
'sample combosition:
23.0 w t % cemcnt, 20.0 w t % f l y a s h , 43.2 w t % sand, and 13.8 w t % w a t e r . Samples were cured a t ambient temperature f o r 9 1 days.
The E f f e c t of S a l t on t h e P e r m e a b i l i t y of Mortars and Mortars Containing .Fly Ash
The presence of 1 0 t o 30 w t % s a l t i n a s t a n d a r d m o r t a r decreased t h e p e r m e a b i l i t y of t h e r e s u l t i n g s o l i d s w i t h r e s p e c t t o m o r t a r s (Table 6 ) . a Also contained 23.0 w t % Type I P o r t l a n d cement and 13.8 w t % w a t e r . The samples were cured f o r 9 1 days.
S a l t h a s been
used f o r many y e a r s i n o i l -w e l l cement s l u r r i e s t o bond t h e set cement t o s a l t s e c t i o n s and s h a l e s encountered i n v a r i o u s g e o l o g i c media . Such mixes a r e c a l l e d s a l t c r e t e s . S i n c e s i m i l a r g e o l o g i c media w i l l b e encountered i n plugging h o l e s i n t h e v i c i n i t y of a r e p o s i t o r y , s t u d i e s were n e c e s s a r y t o determine t h
b
Dried a t atmospheric p r e s s u r e and 100°C.
The s u b s t i t u t i o n of f l y a s h f o r t h e sand i n a s a l t c r e t e i n c r e a s e d
t h e p e r m e a b i l i t y by almost threei o r d e r s of magnitude, depending on t h e t y p e and amount of f l y a s h ( Table 7 ) . The p e r m e a b i l i t y i n c r e a s e d a s t h e c o n c e n t r a t i o n of bituminous f l y a s h was i n c r e a s e d b u t decreased w i t h i n c r e a s i n g l i g n i t e c o n c e n t r a t i o n .
A d d i t i o n a l s t u d i e s should b e made w i t h
o t h e r combinations t o determine t h e f u l l e x t e n t of t h e s e e f f e c t s .
T a b l e 7. The e f f e c t of f l y ash on t h e p e r m e a b i l i t y of s a l t c r e t e s a P e r m e a b i l i t y (darcy) Composition (wt %)
Bituminous (P-15) L i g n i t e (P-8) F l y a s h Sand f l y a s h f l y a s h a~l s o contained 23.0 wt % Type I P o r t l a n d cement, 13.8 w t X w a t e r , and 30.0 wr Z sodium c h l o r i d e and was cured a t room temperat u r e f o r 91 days.
Comparison of Liquid and Gas P e r m e a b i l i t y Measurements Gas p e r m e a b i l i t y measurements on v a r i o u s m o r t a r s u s i n g t h e Klinkenberg c o r r e c t i o n t e c h n i q u e were q u i t e comparable t o t h o s e o b t a i n e d by measuring
w a t e r p e r m e a b i l i t y d i r e c t l y (Table 8 ) . Mortar specimens c o n t a i n i n g v a r i o u s amounts of sand were d r i e d t o a c o n s t a n t weight under vacuum and used i n t h e n i t r o g e n p e r m e a b i l i t y measurements. The specimens w e t h e n placed S t u d i e s were made i n which m i n i a t u r e b o r e h o l e s i n Westerly g r a n i t e , Dresser b a s a l t , Sioux q u a r t z i t e , and S t . Cloud g r a n o d i o r i t e were plugged w i t h a mortar c o n t a i n i n g 23 w t % Type I P o r t l a n d cement, 20 w t % b i t uminous f l y a s h , 43.2 w t % sand, and 1 3 . 8 w t % w a t e r . With t h e e x c e p t i o n of t h e Sioux q u a r t z i t e , t h e water p e r m e a b i l i t i e s of t h e plug-wall rock -6 j u n c t i o n s w e r e I 6 x 1 0 d a r c y a f t e r c u r i n g f o r 9 1 days a t ambient temperature and p r e s s u r e (Table 9 ) . a Table 9 . a The plug mix contained 23 w t % Type I P o r t l a n d cement, 20 w t % bituminous f l y a s h , 43.2 w t % sand, and 13.8 w t % water. The plug was cured f o r 91 days p r i o r t o t h e p e r m e a b i l i t y measurements. A f t e r d r y i n g t o c o n s t a n t weight, t h e plug s o l i d had a c o r r e c t e d n i t r o g e n p e r m e a b i l i t y of 2.5 x d a r c y and a w a t e r p e r m e a b i l i t y of C 1 x darcy .
It was n e c e s s a r y t o u s e t h i n samples (0.6 cm) i n o r d e r t o measure t h e p e r m e a b i l i t y of t h e h o s t r o c k s . When working w i t h t h i n samples under p r e s s u r e , t h e r e is a good p o s s i b i l i t y of a l t e r i n g t h e i n t e r n a l s t r u c t u r e . 7
A l t e r a t i o n s such a s gel-pore c o l l a p s e can r e s u l t i n i n c o r r e c t d a t a . I n a d d i t i o n , t h e plug-wall r o c k specimens were n o t d r i e d t o a c o n s t a n t weight p r i o r t o t h e g a s measurements. The d r y i n g tended t o cause c r a c k i n g a t t h e j u n c t i o n , r e s u l t i n g i n extremely h i g h p e r m e a b i l i t y v a l u e s . The 2.54-cm-dim r o c k s c o n t a i n i n g t h e m i n i a t u r e b o r e h o l e s were d i f f i c u l t t o handle. It i s recommended t h a t l a r g e r specimens (on t h e order o f 5 cm i n diam) be used i n f u t u r e t e s t s .
A major d i s c r e p a n c y a p p e a r s i n t h e v a l u e s obtained f o r t h e Sioux q u a r t z i t e . Measured w a t e r p e r m e a b i l i t i e s were u s u a l l y l e s s than t h e l i q u i d p e r m e a b i l i t i e s o b t a i n e d by t h e Klinkenberg c o r r e c t i o n of t h e g a s v a l u e s . The h i g h e r w a t e r r e s u l t s u g g e s t s t h a t a c r a c k occurred i n t h e specimen, a l t h o u g h a v i s u a l examination d i d n o t r e v e a l any flaws.
U n f o r t u n a t e l y , t h e program w a s d i s c o n t i n u e d b e f o r e a d d i t i o n a l measurements could be made.
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Measurements ranged from 10 t o darcy. The Klinkenberg c o r r e c t i o n a l l o w s t h e c a l c u l a t i o n -o f l i q u i d p e r m e a b i l i t i e s iro~,la gas measurements and is u s e f u l i n d e t e c t i n g specimen f r a c t u r e s t h a t would go unnoticed and r e s u l t i n abnormally h i g h l i q u i d v a l u e s .
Mortars and s a l t c r e t e s w i t h and w i t h o u t f l y a s h e x h i b i t microdarcy
p e r m e a b i l i t y . M o r t a r s c o n t a i n i n g Type I P o r t l a n d cement and a bituminous f l y a s h showed promise as plugging m a t e r i a l f o r h o l e s kr c r y s t a l l i n e r o c k s .
The major problem i n p e r m e a b i l i t y measurements i s sample p r e p a r a t i o n .
Our work h a s shown t h a t i f a s a p p l e h a s n o t been d r i e d t o constant: wel,ght
p r i o r t o a gas d e t e r m i n a t i o n , t h e r e s u l t can v a r y by as much a s t h r e e o r d e r s of magnitude. It is recommended t h a t s l i g h t l y l a r g e r specimens (5.0 cm i n diam) be used i n f u t u r e experiments.
G r a t i t u d e i s expressed t o t h e many people and o r g a n i z a t i o n s f o r t h e i r and t o Lone S t a r , I n c . , Maryneal, Texas, f o r t h e C l a s s C cement.. F l y ash was f u r n i s h e d by t h e TVA steam p l a n t a t Kingston, Tennessee; H a l l i b u r t o n S e r v i c e s , I n c . , Duncan, Oklahoma; and Dowell, InE., A r t e s i a , New Mexico.
These i n g r e d i e n t s were g r a c i o u s l y f u r n i s h e d f r e e of c h a r g e . S p e c i a l
. .
t h a n k s a r e e x t e n d e d t o H. B. Greene f o r p r e p a r i n g t h e wet m i x of t h e samples t o b e t e s t e d .
